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METHOD FOR PRODUCING FUEL CELL 
CATALYST LAYER 

TECHNICAL FIELD 
[ 0001 ] One or more embodiments disclosed and described 
herein relate to a method for producing a fuel cell catalyst 
layer configured to prevent an increase in cell resistance , 
have excellent IV characteristic , and be even . 

BACKGROUND 
[ 0002 ] The electrolyte membrane of a fuel cell needs to be 
kept in a wet state to maintain proton conductivity . In the 
prior art , therefore , air or hydrogen is humidified in advance 
before it is supplied to the fuel cell . However , this is not 
preferable since a humidifier or the like is required to 
humidify the gas and makes fuel cell system complicated . 
Due to this reason , there is a demand for a fuel cell that can 
generate power even in a non - humidified state . 
[ 0003 ] A fuel cell catalyst layer operable in a non - humidi 
fied state is disclosed in Patent Literature 1 , which comprises 
an ionomer , a catalyst and a carbon support supporting the 
catalyst , where the mass ratio of carbon ( C ) and the ionomer 
( I ) is represented by 0 . 4sI / Cs1 . 25 in both an anode and a 
cathode . 
[ 0004 ] Non - Patent Literature 1 discusses the long - term 
stability of a fuel cell in the case of using Pt / Ir0 , — Tio , as 
a cathode catalyst . The abstract of Non - Patent Literature 1 
describes that an optimum is found for 10 mass % ionomer 
content with respect to the catalyst mass . 
[ 0005 ] Patent Literature 1 : Japanese Patent Application 

Laid - Open No . 2002 - 100367 
[ 0006 ] Non - Patent Literature 1 : Patru , A et al . , " Pt / IrO2 

TiO2 cathode catalyst for low temperature polymer elec 
trolyte fuel cell — Application in ME?s , performance and 
stability issues ” , Catalysis Today 262 ( 2016 ) 161 - 169 

0007 ] It is known that if the anode of a fuel cell partially 
lacks in hydrogen gas , high potential is applied to the anode . 
In this case , in the anode catalyst layer of the fuel cell , the 
anode catalyst layer including a carbon support , the carbon 
support is deteriorated by oxidation and , therefore , the 
power generation performance of the fuel cell is signifi 
cantly decreased . 
[ 0008 ] As an approach to solving the problem , it is con 
sidered to use a titanium oxide support that is stable in a 
reducing atmosphere and resistant to high potential , as a 
material for the anode . However , the titanium oxide support 
has material characteristics that are different from the carbon 
support . Therefore , even if the anode catalyst layer is formed 
in a conventional manner using the titanium oxide support , 
it is difficult to obtain the same power generation perfor 
mance as the case of using the carbon support . 
[ 0009 ] Patent Literature 1 explains a water distribution 
state in a fuel cell ( FIG . 2 ) . In this explanation , however , 
there is no reference to partial lack of supply gas in the fuel 
cell when it is in a non - humidified state . 
[ 0010 ] In Non - Patent Literature 1 , an aqueous solution of 
isopropyl alcohol is provided as the dispersion medium of a 
catalyst ink . In Non - Patent Literature 1 , it is also described 
that the catalyst layer is formed by a spraying method ( 2 . 2 . 
MEA manufacture ) . However , these catalyst layer forming 
conditions are those of the case of using a conventional 
carbon support , and they cannot solve the problems that are 
specific to the case of using a titanium oxide support . 

SUMMARY 
10011 ] One or more embodiments disclosed and described 
herein were achieved in light of the above circumstance of 
the fuel cell catalyst layer . An object of the one or more 
embodiments disclosed and described herein , is to provide a 
method for producing a fuel cell catalyst layer configured to 
prevent an increase in cell resistance and have excellent IV 
characteristic . 
[ 0012 ] In a first embodiment , there is provided a method 
for producing a fuel cell catalyst layer , the method compris 
ing the steps of : preparing a catalyst composite that com 
prises a titanium oxide support and platinum or a platinum 
alloy supported on a surface thereof , the titanium oxide 
support comprising Ti40 , as a main component , and an 
ionomer that is a proton - conductive polymer ; mixing the 
catalyst composite , the ionomer , and a dispersion medium 
containing at least water and a tertiary alcohol having from 
4 to 6 carbon atoms where a content ratio of the tertiary 
alcohol is the highest , in such conditions that a ratio ( I / MO ) 
of a mass ( I ) of the ionomer to a mass ( MO ) of the titanium 
oxide support is in a range of from 0 . 12 to 0 . 16 , and a 
content of a solid comprising the catalyst composite and the 
ionomer is 24 mass % or more ; and , while pulverizing 
aggregates comprising the catalyst composite and the iono 
mer by use of at least one medium selected from the group 
consisting of a gas , a liquid , and a solid having a Vickers 
hardness lower than titania , dispersing a mixture obtained by 
the pulverization in the dispersion medium . 
[ 0013 ] The method may comprise the step of forming a 
catalyst layer on a surface of an electrolyte membrane by at 
least one method selected from the group consisting of a 
casting method , a screen printing method , a doctor blade 
method , a gravure printing method and a die coating 
method . 
[ 0014 ] The ratio ( I / MO ) is preferably from 0 . 14 to 0 . 16 . 
[ 0015 ] The tertiary alcohol is preferably diacetone alcohol 
or t - butyl alcohol . 
[ 0016 ] A high - shear mixer or a homogenizer is preferably 
used in the dispersing step . 
[ 0017 ] The fuel cell catalyst layer is preferably a fuel cell 
catalyst layer for an anode . 
[ 0018 ] According to the production method of the one or 
more embodiments disclosed and described herein , physical 
damage to the titanium oxide support and chemical deterio 
ration thereof , are minimized by mixing the materials for the 
catalyst layer by the use of the specific dispersion medium 
in the specific ratio ( I / MO ) and solid content conditions in 
the mixing step , and using the specific medium in the 
dispersing step . As a result , the fuel cell catalyst layer 
configured to prevent an increase in cell resistance , have 
excellent IV characteristic , and be even , can be produced . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0019 ] In the accompanying drawings , 
[ 0020 ] FIG . 1 is a view of an example of the layer 
configuration of a fuel cell comprising the catalyst layer of 
one or more embodiments disclosed and described herein , 
and it is also a schematic view of a section cut in the 
laminating direction ; 
[ 0021 ] FIG . 2 is a graph showing the results of a power 
generation test of the membrane electrode assemblies of 
Examples 1 and 3 and Comparative Examples 1 and 2 ; 



US 2018 / 0205092 A1 Jul . 19 , 2018 

support and platinum or a platinum alloy supported on a 
surface thereof . The ionomer is a proton - conductive poly 
mer . These materials will be described in order . 

[ 0022 ] FIG . 3 is a graph showing the results of a power 
generation test of the membrane electrode assemblies of 
Examples 2 , 4 and 5 and Reference Example 1 , at a relative 
humidity of 30 % ; 
[ 0023 ] FIG . 4 is a graph showing the results of a power 
generation test of the membrane electrode assemblies of 
Examples 2 , 4 and 5 and Reference Example 1 , at a relative 
humidity of 80 % ; 
[ 0024 ] FIG . 5 is a bar chart comparing a current value at 
0 . 1 V on the IV curve of Example 2 and a current value at 
0 . 1 V on the IV curve of Reference Example 1 ; 
[ 0025 ] FIG . 6 is a photograph of an anode catalyst layer 
formed with a catalyst ink used in Example 2 and an anode 
catalyst layer formed with a catalyst ink used in Compara 
tive Example 3 ; 
[ 0026 ] FIG . 7 is a graph showing the IV curve of the 
membrane electrode assembly of Example 2 along with the 
IV curve of the membrane electrode assembly of Compara 
tive Example 4 ; 
[ 0027 ] FIG . 8 is a graph showing a change in cell resis 
tance of the membrane electrode assembly of Example 2 
along with a change in cell resistance of the membrane 
electrode assembly of Comparative Example 4 ; 
10028 ] FIG . 9 is a graph showing a relationship between 
the composition and electrical resistance of TiOx ; 
[ 0029 ] FIG . 10 ( a ) is a schematic sectional view of a 
catalyst composite 22 that is relatively large in particle 
diameter and covered with an ionomer 21 ; 
[ 0030 ] FIG . 10 ( ) is a schematic sectional view of a 
catalyst composite 23 that is relatively small in particle 
diameter and covered with the ionomer 21 ; and 
[ 0031 ] FIG . 11 is a graph showing a moisture sorption 
desorption curve of a titanium oxide support along with a 
moisture sorption - desorption curve of a carbon support . 

( 1 ) Titanium Oxide Support 
[ 0035 ] The titanium oxide represented by the chemical 
formula TiOz ( where x > 0 ) is resistant to deterioration in a 
condition where a fuel cell is being operated . Therefore , the 
titanium oxide is promising as an alternative material for the 
catalyst layer to a carbon support . However , since the 
electrical resistance of the titanium oxide largely varies 
depending on an oxygen ratio x , it cannot be said that 
titanium oxides are all usable as a material for the catalyst 
layer . 
[ 0036 ] FIG . 9 is a graph showing a relationship between 
the composition and electrical resistance of TiO . . FIG . 9 is 
also a graph with the natural log of an electrical resistance 
( 22 . cm ) on the vertical axis and the oxygen ratio x on the 
horizontal axis . In FIG . 9 , the electrical resistance value is 
a value obtained by actually measuring the electrical resis 
tance of each TiO , single crystal . Also in FIG . 9 , a part 
indicated by dashed lines ( 3x10 - 4 to 7x10 - 4 ( Q . cm ) ) indi 
cates the range of electrical resistance of carbon . 
0037 ] As is clear from FIG . 9 , both the electrical resis 
tance of Ti 03 ( x = 1 . 50 ) and that of Tizos ( x = 1 . 67 ) are 0 . 3 
( 92 . cm ) or more and high . Meanwhile , the electrical resis 
tance of Ti 0 , ( x = 1 . 75 ) is less than 6x10 - 4 ( 2 cm ) and is the 
smallest value in FIG . 9 . This is because the crystal structure 
of the titanium oxide includes many oxygen defects when 
the oxygen ratio x is 1 . 75 . This electrical resistance value is 
at the same level as the electrical resistance value of carbon . 
[ 0038 ] However , when the oxygen ratio x increases to 
more than 1 . 75 , the oxygen defects are gradually filled with 
oxygen atoms . As a result , the electrical resistance gradually 
increases , and the electrical resistance of Tio , ( x = 2 . 00 ) is 1 
( 12 . cm ) . Since the electrical resistance of the Tio , is too 
high , the Tio , is poor in electroconductivity and , as a result , 
is not usable as a material for the catalyst layer . 
10039 ] As just described , there is a correlation between the 
oxygen defects and electroconductivity of the titanium 
oxide . That is , at an oxygen ratio with a small number of 
oxygen defects ( x = 1 . 50 to 1 . 67 , 2 . 00 ) , the electrical resis 
tance of the titanium oxide is high and results in low 
electroconductivity . On the other hand , at an oxygen ratio 
with the largest number of oxygen defects ( x = 1 . 75 ) , the 
electrical resistance of the titanium oxide ( Ti 0 , ) is the 
lowest and results in the highest electroconductivity . As the 
composition of the titanium oxide gets closer to Ti 07 , the 
electrical resistance value of the titanium oxide gets closer 
to the electrical resistance value of carbon . 
[ 0040 ] The electrical resistance value varies depending on 
the physical properties of the titanium oxide , such as crys 
tallinity and particle size . Even if the physical properties of 
the titanium oxide remain the same , the electrical resistance 
value may be varied depending on the condition of resis 
tance measurement , for example , by changing the magnitude 
of a pressure applied to single crystal . However , regardless 
of the physical properties of the titanium oxide or the 
condition of the resistance measurement , there is no change 
in the tendency of the electrical resistance value to be the 
smallest when , as shown in FIG . 9 , the oxygen ratio x is 
1 . 75 . 
( 0041 ] The titanium oxide support used in the production 
method of the one or more embodiments disclosed and 

DETAILED DESCRIPTION 
[ 0032 ] The method for producing the fuel cell catalyst 
layer according to one or more embodiments disclosed and 
described herein , comprises the steps of : preparing a catalyst 
composite that comprises a titanium oxide support and 
platinum or a platinum alloy supported on a surface thereof , 
the titanium oxide support comprising Ti?O , as a main 
component , and an ionomer that is a proton - conductive 
polymer ; mixing the catalyst composite , the ionomer , and a 
dispersion medium containing at least water and a tertiary 
alcohol having from 4 to 6 carbon atoms where a content 
ratio of the tertiary alcohol is the highest , in such conditions 
that a ratio ( I / MO ) of a mass ( I ) of the ionomer to a mass 
( MO ) of the titanium oxide support is in a range of from 0 . 12 
to 0 . 16 , and a content of a solid comprising the catalyst 
composite and the ionomer is 24 mass % or more ; and , while 
pulverizing aggregates comprising the catalyst composite 
and the ionomer by use of at least one medium selected from 
the group consisting of a gas , a liquid , and a solid having a 
Vickers hardness lower than titania , dispersing a mixture 
obtained by the pulverization in the dispersion medium . 
[ 0033 ] Hereinafter , the steps of the production method of 
the one or more embodiments disclosed and described 
herein , will be described in order . 

1 . Preparing Step 
10034 First , the catalyst composite and the ionomer are 
prepared . The catalyst composite comprises a titanium oxide 
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described herein , comprises Ti , O , as a main component . 
That is , Ti40 , accounts for 50 mass % or more of the 
titanium oxide support . In the case of using such a titanium 
oxide support that the surface and inside differ in composi - 
tion , at least 50 mass % of Ti _ O , may be contained on the 
surface of the titanium oxide support . 
10042 ] Ti , O , is a compound that has the most reduced 
Magneli phase among titanium oxides . Therefore , the tita 
nium oxide support comprising Ti?O , as a main component , 
is such a titanium oxide support that the most reduced 
Magneli phase accounts for 50 mass % or more of the 
titanium oxide support . In the case of using such a titanium 
oxide support that the surface and inside differ in composi 
tion , at least 50 mass % or more of the most reduced Magneli 
phase may be contained on the surface of the titanium oxide 
support . 
[ 0043 ] In general , the Magneli phase of a titanium oxide 
basically has a rutile - type crystal structure in which Tio , 
octahedral blocks are arranged in a matrix in a plane . 
However , the rutile - type crystal structure of the Magneli 
phase lacks one or more oxygen atoms . The crystal structure 
of the Magneli phase of the titanium oxide is triclinic . The 
Magneli phase has shear planes derived from oxygen 
defects . 
[ 0044 ] The Magneli phase of Ti 0 , lacks one oxygen atom 
per four TiO2 octahedral blocks . This corresponds to 
removal of one oxygen atom from four Tio , ' s ( TiO , x4 
O = Ti _ 04 ) . 
[ 0045 ] Among titanium oxides having a Magneli phase , 
Ti O , has the largest number of oxygen defects ; therefore , it 
has the most reduced Magneli phase , the largest number of 
shear planes , the shortest distance between the shear planes , 
and the best electroconductivity . Therefore , the titanium 
oxide support comprising Ti _ O , as a main component , has 
many oxygen defects and , as a result , it has low electrical 
resistance and provides excellent electroconductivity as a 
support . 
[ 0046 ] A known method can be used to confirm whether 
the titanium oxide support comprises Ti O , as a main 
component or not . 
[ 0047 ] For example , in the case of confirming the Ti , O , 
content ratio by an XRD spectrum , it can be confirmed from 
the ratio of the intensity of a known XRD peak belonging to 
Ti _ 0 , to the intensity of a known XRD peak belonging to 
other TiO , ( e . g . , TiO2 ) . 
[ 0048 ] The Ti40 , content ratio can be also confirmed by 
electrical resistance measurement . For example , Tio , and 
Ti 0 , are taken as reference materials and measured for their 
electrical resistances . Then , the electrical resistance of a 
sample titanium oxide support is measured . From these 
electrical resistance values , the Ti , O , content ratio is calcu 
lated . However , since a generated grain boundary resistance 
varies depending on the state ( such as crystallinity or 
particle size ) of a substance used for the electrical resistance 
measurement , it is necessary to bring the state of the 
reference material and the state of the sample substance 
close to each other as much as possible . 
[ 0049 ] The titanium oxide support used in the production 
method of the one or more embodiments disclosed and 
described herein , is not particularly limited , as long as it 
comprises Ti . O , as a main component , and the surface and 
inside of the titanium oxide support may differ in compo 
sition . 

[ 0050 ] As just described , by the use of the titanium oxide 
support with excellent electroconductivity , the same level of 
electroconductivity as that of the case of using a carbon 
support , can be attained . 
[ 0051 ] The average particle diameter of the titanium oxide 
support is not particularly limited , as long as it is in a range 
that is practically applicable to fuel cell catalyst layers . 
However , when the particle diameter of the titanium oxide 
support is too small compared to the particle diameter of the 
platinum particles or platinum alloy particles , it may be 
difficult to support the platinum particles or platinum alloy 
particles . When the particle diameter of the titanium oxide 
support is too large , the volume of the catalyst composite 
increases to increase the thickness of the catalyst layer too 
much . Therefore , a decrease in power generation perfor 
mance may occur . Accordingly , the average particle diam 
eter of the titanium oxide support is preferably in a range of 
from 7 . 5 to 50 nm , more preferably in a range of from 20 to 
30 nm , and still more preferably in a range of from 22 to 28 
nm . Also in the one or more embodiments disclosed and 
described herein , the average particle diameter is determined 
by observing the particles of the titanium oxide support with 
a transmission electron microscope ( TEM ) at a magnifica 
tion of 250000x , measuring the particle diameters of about 
250 of the visually confirmed particles on the assumption 
that the particles are spherical , and determining the average 
of the particle diameters as the average particle diameter . 
[ 0052 ] FIG . 10 ( a ) is a schematic sectional view of a 
catalyst composite 22 that is relatively large in particle 
diameter and covered with an ionomer 21 . FIG . 10 ( b ) is a 
schematic sectional view of a catalyst composite 23 that is 
relatively small in particle diameter and covered with the 
ionomer 21 . As shown in FIG . 10 ( a ) , each primary particle 
of the catalyst composite may be covered as it is with the 
ionomer . Meanwhile , as shown in FIG . 10 ( b ) , in the average 
particle diameter range that is practically applicable to the 
fuel cell catalyst layer , secondary particles , each of which is 
composed of primary particles , may be formed by the 
catalyst composite in the catalyst ink . Each of the secondary 
particles thus formed may be covered with the ionomer . 
However , regardless of the particle diameters of the primary 
particles , the sizes of the secondary particles are almost the 
same ( the surface areas of the secondary particles per 
volume of the titanium oxide support are almost the same ) 
and the distance between the primary particles in each 
secondary particle is quite small . Therefore , the amount of 
the ionomer present between the primary particles ( i . e . , 
inside each secondary particle ) is quite small . Due to this 
reason , even if the average particle diameter of the titanium 
oxide support ( primary particles ) in the catalyst composite 
differs , there is no change in the optimal ionomer volume for 
covering the titanium oxide support having a fixed volume . 

( 2 ) Catalyst Composite 
[ 0053 ] As the shape of the platinum or platinum alloy in 
the catalyst composite , examples include , but are not limited 
to , particle shapes such as a spherical shape and an oval 
spherical shape . The average particle diameter is preferably 
in a range of from 3 to 10 nm , for example . 
[ 0054 ] The amount of the platinum or platinum alloy 
supported on the surface of the titanium oxide support is not 
particularly limited . In general , the mass support ratio of the 
platinum or platinum alloy with respect to the catalyst 
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composite is in a range of from 5 to 20 mass % . The mass 
support ratio can be obtained by the following formula ( 1 ) : 

Mass support ratio ( % ) = the mass of the catalyst / ( the 
mass of the catalyst + the mass of the titanium 
oxide support ) x100 Formula ( 1 ) 

( 3 ) Ionomer 
[ 0055 ] The ionomer used in the production method of the 
one or more embodiments disclosed and described herein , is 
not particularly limited , as long as it is a proton - conductive 
polymer . As the ionomer , examples include , but are not 
limited to , Nafion ( trademark , manufactured by DuPont ) . 
Nafion is a perfluorocarbon composed of a hydrophobic 
TeflonTM framework , which is composed of a carbon - fluo 
rine bond , and a perfluorocarbon side chain , which includes 
a sulfonic acid group . 
[ 0056 ] In general , ionomers that are practically applicable 
to the fuel cell catalyst layer , are similar in basic molecular 
structure , even if they are different types of ionomers . 
Accordingly , the polymer density is in a range of from 1 . 9 
to 2 . 0 g / cm " . As described above , there is no change in the 
optimal ionomer volume required for covering the titanium 
oxide support having a fixed mass . Therefore , even if the 
type of the ionomer changes , there is no change in the 
optimal ionomer mass required for covering the titanium 
oxide support having a fixed mass . Therefore , the type of the 
ionomer has no influence on the range of the ratio ( I / MO ) . 
The polymer density can be calculated by producing a film 
having a uniform thickness and measuring the mass and 
volume of the film . However , since the polymer is an 
electrolyte and the apparent size varies depending on its 
moisture state , it is necessary to measure the mass and 
volume when the polymer is in a dry state . 
[ 0057 ] In general , as the average molecular weight of the 
ionomer increases , the solubility decreases . On the other 
hand , as the average particle diameter decreases , the iono 
mer becomes friable . Therefore , the average molecular 
weight is generally in a range of from 10 , 000 to 200 , 000 , 
preferably in a range of from 100 , 000 to 200 , 000 , and more 
preferably in a range of from 150 , 000 to 200 , 000 . 
[ 0058 ] The ionomer is not limited to the above examples 
and may be a common ionomer . 

the fuel cell catalyst layer that is configured to be usable in 
a wide range of humidity environments and provide excel 
lent IV characteristic . 
10062 ] . In general , when the ionomer amount is too small 
compared to the electroconductive support in the catalyst 
ink , the catalyst and the electroconductive support cannot be 
sufficiently covered with the ionomer , so that they cannot 
adapt to changes in the relative humidity of an external 
environment . On the other hand , when the ionomer amount 
is too large compared to the electroconductive support in the 
catalyst ink , the thickness of the ionomer layer covering the 
catalyst and the electroconductive support , increases to 
increase the resistance of the fuel cell catalyst layer thus 
produced . Therefore , the compositional ratio of the electro 
conductive support and the ionomer has an appropriate 
range . 
[ 0063 ] FIG . 11 is a graph showing the moisture sorption 
desorption curve of the titanium oxide support along with 
the moisture sorption - desorption curve of the carbon sup 
port . In FIG . 11 , diamonds indicate the data of the titanium 
oxide support , and squares indicate the data of the carbon 
support . For the carbon support data shown in FIG . 11 , the 
lower portion is a moisture sorption curve showing a change 
in moisture content when the humidity of the environment is 
increased ; meanwhile , the upper portion is a moisture des 
orption curve showing a change in moisture content when 
the humidity of the environment is decreased . 
[ 0064 ] As is clear from FIG . 11 , for the carbon support , 
when compared at the same humidity , the moisture content 
is larger on the moisture sorption curve than on the moisture 
desorption curve . Therefore , hysteresis occurs in the carbon 
support during moisture sorption and desorption . The hys 
teresis indicates such a property that the carbon support does 
not sorb excess moisture when the humidity is increased , 
and it easily retains moisture when the humidity is 
decreased . For the titanium oxide support , the moisture 
content is lower than carbon support in all humidity condi 
tions , and unlike the carbon support , hysteresis does not 
occur . As just described , the titanium oxide support and the 
carbon support differ in moisture retention property . More 
specifically , while the carbon support easily receives water , 
the titanium oxide support poorly receives water . From the 
difference in moisture retention property , it can be said that 
the titanium oxide support is more sensitive to humidity 
changes than the carbon support , and the ionomer - covered 
state is more important to the titanium oxide support than the 
carbon support . This means that the titanium oxide support 
cannot respond to humidity changes , without controlling the 
ratio ( I / MO ) more sensitively than the case of using the 
carbon support . 
[ 0065 ] As described above , the titanium oxide support 
more easily sorbs and desorbs moisture than the carbon 
support . Therefore , when the ratio ( I / MO ) is less than 0 . 12 
or is more than 0 . 16 , the ionomer amount is not appropriate 
and results in a decrease in IV characteristic . This fact will 
be proved by Comparative Examples 1 and 2 described 
below ( see Table 1 and FIG . 2 ) . 
[ 0066 ] As described above , the optimal ionomer volume 
required for covering the titanium oxide support having a 
fixed mass , is not influenced by the average particle diameter 
and shape of the titanium oxide support , the type of the 
ionomer , etc . Therefore , due to the use of the titanium oxide 
support and the ionomer , the fuel cell catalyst layer that is 
usable in a wide range of humidity environments and 

2 . Mixing Step 
[ 0059 ] This is the step of mixing the catalyst composite , 
the ionomer , and the specific dispersion medium in such 
conditions that the ratio ( I / MO ) of the mass ( I ) of the 
ionomer to the mass ( MO ) of the titanium oxide support is 
in a range of from 0 . 12 to 0 . 16 , and the content of the solid 
comprising the catalyst composite and the ionomer is 24 
mass % or more . 
[ 0060 ] A major point of the one or more embodiments 
disclosed and described herein , is that in the case of using 
the titanium oxide support , the mixing and dispersing con 
ditions differ from the case of using a carbon support . 
( 1 ) The Ratio ( I / MO ) of the Mass ( I ) of the Ionomer to the 
Mass ( MO ) of the Titanium Oxide Support 
10061 ] In the mixing step of the one or more embodiments 
disclosed and described herein , the ratio ( I / MO ) of the mass 
( 1 ) of the ionomer to the mass ( MO ) of the titanium oxide 
support is in a range of from 0 . 12 to 0 . 16 , in order to obtain 
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provides excellent IV characteristic , can be obtained by 
controlling the ratio ( I / MO ) in a range of from 0 . 12 to 0 . 16 . 
[ 0067 ] The ratio ( I / MO ) is preferably in a range of from 
0 . 14 to 0 . 16 , since excellent power generation performance 
can be obtained in a wide range of humidity environments . 
From the viewpoint of practical applications , there is no 
need to install a humidifier or the like to supply a gas with 
a controlled relative humidity to a fuel cell electrode ; 
therefore , a simplification of a fuel cell system can be 
achieved . 

( 2 ) Solid Content 
[ 0068 ] In this step , the content of the solid comprising the 
catalyst composite and the ionomer is 24 mass % or more . 
In a conventional catalyst ink comprising a carbon support , 
the solid content is generally about 3 mass % . In this step , 
the solid content is much larger than the conventional solid 
content . 
100691 As described above , in the production method 
according to the one or more embodiments in which the 
titanium oxide support is used , in order to obtain the catalyst 
layer with desired performance , the mass of the ionomer 
with respect to the mass of the titanium oxide support , needs 
to be smaller than the case of using the carbon support . As 
a result , in the production method according to the one or 
more embodiments , the content of the ionomer in the solid 
comprising the catalyst composite and the ionomer , is 
smaller than the case of using the carbon support . 
[ 0070 ] Therefore , even if the solid content of the catalyst 
ink comprising the titanium oxide support is the same as the 
catalyst ink comprising the carbon support , compared to the 
catalyst ink comprising the carbon support , the catalyst ink 
comprising the titanium oxide support is smaller in the 
absolute amount of the ionomer that contributes to the 
formation of a higher - order structure , and obtains low vis 
cosity . 
[ 0071 ] However , the specific gravity of the titanium oxide 
support is higher than the carbon support , and high viscosity 
is needed to uniformly disperse the catalyst composite 
comprising the titanium oxide support in the catalyst ink . 
Therefore , if the catalyst ink has low viscosity , the coatabil 
ity of the catalyst ink deteriorates and poses such a new 
problem that an even and transferable catalyst layer cannot 
be formed by a casting method , for example . 
10072 ] Therefore , in the one or more embodiments in 
which the titanium oxide support is used , by controlling the 
solid content to 24 mass % or more and thereby increasing 
the viscosity of the catalyst ink , the coatability of the catalyst 
ink is increased , and the even and transferable catalyst layer 
can be formed . 
[ 0073 ] The upper limit of the solid content is not particu 
larly limited . To uniformly disperse the catalyst composite 
and the ionomer in the catalyst ink , the upper limit is 
preferably 40 mass % or less , and more preferably 30 mass 
% or less . 

[ 0075 ] In general , the composition of the dispersion 
medium used for the catalyst ink has a large influence on the 
dispersibility of the electroconductive support and ionomer , 
the performance of the catalyst layer to be obtained , etc . 
Therefore , the composition of the dispersion medium needs 
to be appropriately controlled depending on the type of the 
electroconductive support and ionomer used . 
10076 ] . In the case of using the titanium oxide support , it 
is important that the dispersion medium does not have a 
negative influence that can change the chemical composition 
of the titanium oxide support . If the chemical composition of 
the titanium oxide support is changed , as described above 
regarding FIG . 9 , oxygen defects decrease . As a result , the 
electrical resistance of the titanium oxide support increases 
to remarkably decrease the IV characteristic . 
10077 ] Like the production method of the one or more 
embodiments disclosed and described herein , especially in 
the case of using alcohol , there is a possibility that the 
alcohol serves as a reducing agent to reduce and chemically 
deteriorate the titanium oxide support . In the one or more 
embodiments disclosed and described herein , therefore , pri 
mary or secondary alcohol , which has high reducing power , 
is avoided and tertiary alcohol is used . Alcohol having a too 
large carbon number is unfit for ink preparation , since it is 
in the form of a solid or in the form of a solution that has 
poor compatibility with water . Therefore , the tertiary alcohol 
having from 4 to 6 carbon atoms is used in the production 
method of the one or more embodiments disclosed and 
described herein . 
[ 0078 ] As the tertiary alcohol having from 4 to 6 carbon 
atoms , examples include , but are not limited to , t - butyl 
alcohol , t - pentyl alcohol , 3 - hydroxy - 3 - methyl - 2 - butanone , 
t - hexyl alcohol , 3 - methylpentane - 3 - ol , diacetone alcohol , 
2 - hydroxy - 2 - methyl - 3 - pentanone , and 3 - hydroxy - 3 - methyl 
2 - pentanone . Of them , from the viewpoint of low reducing 
power , at least any one of diacetone alcohol and t - butyl 
alcohol is preferably used . 
[ 0079 ] The compositional ratio of the dispersion medium 
is not particularly limited , as long as the content ratio of the 
tertiary alcohol is the highest . However , when the dispersion 
medium contains many types of liquids and the content ratio 
of the tertiary alcohol is relatively too low , the titanium 
oxide support may be chemically deteriorated by the action 
of other liquids in the dispersion medium . Therefore , the 
content ratio of the tertiary alcohol in the dispersion medium 
is preferably 20 mass % or more , more preferably 30 mass 
% or more , and still more preferably 40 mass % or more . 
3 . Dispersing Step 
[ 0080 ] This is the step of , while pulverizing the aggregates 
comprising the catalyst composite and the ionomer by use of 
the specific medium , dispersing the mixture obtained by the 
pulverization in the dispersion medium . 
[ 0081 ] As described above , if the solid content in the 
catalyst ink is increased to 24 % or more for better coatabil 
ity , aggregates comprising the titanium oxide support and 
the ionomer are likely to be produced . Therefore , to uni 
formly disperse the catalyst composite and the ionomer in 
the catalyst ink , it is preferable to prevent reaggregation of 
the mixture obtained by the pulverization . 
[ 0082 ] On the other hand , to prevent changes in the 
properties of the titanium oxide support as much as possible , 
a relatively mild dispersing method and a medium are used 
in this step . 

( 3 ) Dispersion Medium 
[ 0074 ] The dispersion medium used in the production 
method of the one or more embodiments disclosed and 
described herein , is not particularly limited , as long as it 
contains at least water and the tertiary alcohol having from 
4 to 6 carbon atoms where the content ratio of the tertiary 
alcohol is the highest . 
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[ 0083 ] In the case of using the titanium oxide support in 
this step , it is important to avoid physical damage to the 
titanium oxide support in this step . If the titanium oxide 
support is damaged , as described above regarding FIG . 9 , 
oxygen defects decrease . As a result , the electrical resistance 
of the titanium oxide support increases to remarkably 
decrease the IV characteristic . 
[ 0084 ] In this step , to avoid damage to the titanium oxide 
support and uniformly disperse the catalyst composite and 
the ionomer , the medium used for the dispersion is a soft 
material . The reason is as follows : if a medium that is as hard 
as the titanium oxide support is used , the medium and the 
titanium oxide support collide with each other and result in 
a change in the composition of the titanium oxide support . 
[ 0085 ] In this step , a gas , a liquid , and a solid having a 
Vickers hardness lower than titania , are used as the medium . 
By the use of the media that are softer than titania in the 
dispersion , the titanium oxide support can be uniformly 
dispersed without damage thereto . 
[ 0086 ] As the gas that serves as the medium in the 
dispersion , examples include , but are not limited to , bubbles 
that are generated in the dispersion medium . As the disper 
sion method that uses the gas as the medium , examples 
include , but are not limited to , an ultrasonic homogenizer 
described below . In the case of using the ultrasonic homog 
enizer , ultrasonic vibration is applied to the mixture ; there 
fore , microbubbles are generated by pressure difference , 
serve as the medium and repeatedly apply an impact force to 
the mixture . 
[ 0087 ] As the liquid that serves as the medium in the 
dispersion , examples include , but are not limited to , the 
above - described dispersion medium ( mixed solvent ) used in 
the mixing step . As the dispersion method that uses the 
liquid as the medium , examples include , but are not limited 
to , the above - described ultrasonic homogenizer . In the case 
of using the ultrasonic homogenizer , ultrasonic waves 
directly reach the mixture through the liquid and repeatedly 
apply an impact force to the mixture . 
[ 0088 ] The solid that serves as the medium in the disper 
sion , needs to have a Vickers hardness lower than titania . As 
used herein , “ Vickers hardness ” is an indicator of hardness 
defined in 3 . 1 in ISO 14705 : 2008 or 3a ) in JISR 1610 : 2003 . 
A Vickers hardness test can be carried out in conformity to 
4 . 6 in ISO 14705 : 2008 or 4 . 6 in JISR 1610 : 2003 . 
[ 0089 ] The Vickers hardness of titania depends on crystal 
structure or purity ; however , it is generally in a range of 
from 7 . 5 GPa to 8 . 8 GPa . Accordingly , when the solid is 
used as the medium in this step , the Vickers hardness needs 
to be less than 7 . 5 GPa . The solid is preferably a solid having 
a Vickers hardness of 6 . 0 GPa or less , and more preferably 
a solid having a Vickers hardness of 5 . 0 GPa or less . 
[ 0090 ] The Vickers hardness test is a so - called indentation 
hardness test . As defined in ISO 14705 : 2008 and JISR 
1610 : 2003 , Vickers hardness is a value obtained by dividing 
an indentation test force by the surface area of an indentation 
produced on the surface of a sample by an indenter , and then 
multiplying the resultant by a constant . Accordingly , for a 
too soft sample , there is a possibility that the surface area of 
the indentation cannot be measured , and the Vickers hard 
ness cannot be calculated . Solid materials that are clearly 
softer than titania , are considered to include such a material 
for which the Vickers hardness cannot be calculated . In the 
one or more embodiments disclosed and described herein , 

such a solid material that is too soft to calculate the Vickers 
hardness , is determined to have a Vickers hardness of O GPa . 
[ 0091 ] As the material for the solid medium used in the 
dispersion , examples include , but are not limited to , the 
following materials . Values in parentheses are each a Vick 
ers hardness ( a reference value ) . 
[ 0092 ] Aluminum ( 0 . 50 GPa ) , copper ( 0 . 80 GPa ) , boron 
nitride ( 0 . 80 GPa ) , silver ( 0 . 88 GPa ) , nickel ( 0 . 90 GPa ) , 
molybdenum - copper alloy ( 1 . 7 GPa ) , stainless steel 
( SUS304 ) ( 2 . 0 GPa ) , iron ( 2 . 5 GPa ) , molybdenum ( 2 . 6 
GPa ) , tungsten - copper alloy ( 3 . 0 GPa ) , tungsten ( 4 . 2 GPa ) 
10093 ] The solid medium used in the dispersion may be a 
device for pulverizing aggregates or may be a part of the 
device . In this case , the solid medium is not particularly 
limited , as long as it has a shape or structure that allows the 
solid medium to be in contact with and pulverize aggregates 
in the dispersion . As the solid medium , examples include , 
but are not limited to , the rotor blade or stator inner wall of 
a high - shear mixer . 
[ 0094 ] In this step , a solid material that is clearly softer 
than titania can be used as the dispersion medium , even 
when the Vickers hardness is not clear . As the solid material , 
examples include , but are not limited to , commodity plastics 
such as polyethylene , polypropylene and polystyrene ; engi 
neering plastics such as polyether ether ketone , polyether 
ketone and polyethersulfone ; and various kinds of functional 
polymers such as Nafion ( trademark , manufactured by 
DuPont ) . 
[ 0095 ] In the dispersion , a combination of two or more 
kinds of the gas , liquid and solid may be used as the medium . 
For instance , the above - described ultrasonic homogenizer is 
an example of a combination of bubbles and the liquid . As 
the dispersion medium that is a combination of the liquid 
and the solid , examples include , but are not limited to , a 
slurry medium . 
[ 0096 ] As the device for pulverizing aggregates , examples 
include , but are not limited to , a high - shear mixer and an 
ultrasonic homogenizer . For the high - shear mixer , the pul 
verizing force is higher than the ultrasonic homogenizer , and 
the power of rubbing the ionomer into the catalyst composite 
surface , is also higher than the ultrasonic homogenizer . 
However , the titanium oxide support itself cannot be pul 
verized by any of the high - shear mixer and the ultrasonic 
homogenizer . 
[ 0097 ] Therefore , the high - shear mixer or the ultrasonic 
homogenizer is preferably used in this step . 
[ 0098 ] The high - shear mixer is a device for applying shear 
force by use of a centrifugal force of pushing the contents 
against the inner wall of the stator and a force derived from 
a rotating flow produced by the rotor blade . 
[ 0099 ] The ultrasonic homogenizer is a device for apply 
ing ultrasonic vibration to a solution , generating 
microbubbles due to the resulting pressure difference , and 
repeatedly applying an impact force to substances in the 
solution . 
[ 0100 ] The dispersion time is not particularly limited . It is 
preferably 15 minutes or more , more preferably 3 hours or 
more , and still more preferably 6 hours or more . 
[ 0101 ] By employing the above - described dispersion 
method and medium , the catalyst layer can be formed with 
maintaining the composition of the Ti _ 07 , which has small 
electrical resistance . 
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4 . Other Steps 
[ 0102 ] The production method of the one or more embodi 
ments disclosed and described herein , may comprise the step 
of forming a catalyst layer on a surface of an electrolyte 
membrane by at least one method selected from the group 
consisting of a casting method , a screen printing method , a 
doctor blade method , a gravure printing method and a die 
coating method . 
[ 0103 ] The casting method is a method for applying a 
coating material to a surface of a flat substrate having a 
given area . The screen printing method , the doctor blade 
method , the gravure printing method and the die coating 
method are conventionally known methods . 
[ 0104 ] These applying methods are preferred due to excel 
lent coatability even when , like the production method of the 
present invention , the solid content of a catalyst ink is high . 
There applying methods are also preferred since they are 
high in production rate and large in yield . 

sequence from the electrolyte membrane side . In particular , 
the cathode 6 is a stack of a cathode catalyst layer 2 and a 
gas diffusion layer 4 , and the anode 7 is a stack of an anode 
catalyst layer 3 and a gas diffusion layer 5 . 
[ 0109 ] At least any one of the anode and the cathode 
includes the catalyst layer obtained by the production 
method of the one or more embodiments disclosed and 
described herein . As described above , the catalyst layer is 
preferably used in the anode . 

[ 0110 ] As the electrolyte membrane , gas diffusion layers 
and separators used in the fuel cell , those that are generally 
used in a fuel cell are used . 

EXAMPLES 

[ 0111 ] The production method of the one or more embodi 
ments disclosed and described herein , will be further clari 
fied by the following examples and comparative examples . 
However , the production method is not limited to the fol 
lowing examples and comparative examples . 

1 . Production of Membrane Electrode Assembly 

Example 1 

( 1 ) Preparing Step 

5 . Fuel Cell Catalyst Layer 
[ 0105 ] The fuel cell catalyst layer obtained by the produc 
tion method of the one or more embodiments disclosed and 
described herein , contains the catalyst composite comprising 
the titanium oxide support and the platinum or platinum 
alloy supported on the surface thereof , and the ionomer 
covering the catalyst composite . Since the ratio ( I / MO ) is in 
a range of from 0 . 12 to 0 . 16 , the fuel cell catalyst layer can 
prevent an increase in cell resistance and provide excellent 
IV characteristic when it is used in a fuel cell . 
[ 0106 ] The fuel cell catalyst layer is preferably a fuel cell 
catalyst layer for an anode . This is because the titanium 
oxide support is particularly chemically stable in a reducing 
atmosphere . 
[ 0107 ] The properties of the fuel cell catalyst layer are 
different between the anode and the cathode . In a fuel cell , 
hydrogen diffuse faster than oxidant gas such as oxygen . 
Therefore , even when the ratio ( I / MO ) is high , the influence 
of the ratio ( I / MO ) on gas diffusion is small . As a result , the 
performance under a dry condition of the anode can be 
increased by using the fuel cell catalyst layer in the anode . 
[ 0108 ] FIG . 1 is a view of an example of a fuel cell 
comprising the catalyst layer obtained by the production 
method of the one or more embodiments disclosed and 
described herein , and it is also a schematic view of a section 
cut in the laminating direction . A membrane electrode 
assembly 8 comprises a polyelectrolyte membrane ( herein 
after it may be simply referred to as “ electrolyte mem 
brane ” ) 1 , which is a hydrogen ion conductive polyelectro 
lyte membrane , and a pair of a cathode 6 and an anode 7 , 
between which the electrolyte membrane 1 is sandwiched . A 
fuel cell ( single cell ) 100 comprises the membrane electrode 
assembly 8 and a pair of separators 9 and 10 , between which 
the membrane electrode 8 is sandwiched through the outside 
of the electrodes . An oxidant gas channel 11 is disposed at 
the boundary of the separator 9 and the cathode 6 , and a fuel 
gas channel 12 is disposed at the boundary of the separator 
10 and the anode 7 . In general , a stack of a catalyst layer and 
a gas diffusion layer is used as an electrode , in which the 
catalyst layer and the gas diffusion layer are stacked in this 

[ 0112 ] Such a catalyst composite was prepared , that the 
mass support ratio of platinum supported on the surface of 
a titanium oxide support comprising Ti 0 , as a main com 
ponent ( manufactured by Sakai Chemical Industry Co . , Ltd . ) 
was 15 mass % . Also , an ionomer dispersion having dis 
persed therein 10 % ionomer A , was prepared . 
[ 0113 ] The ionomer A is a perfluorocarbon sulfonic acid 
polymer that has a polymer density of 1 . 9 g / cm² and is 
classified as NafionTM ( manufactured by DuPont ) - based 
fluorinated sulfonic acid polymer . 
[ 0114 ] The dispersion medium of the ionomer dispersion 
is a mixed solution of water , diacetone alcohol and ethanol 
at a ratio of 42 ( mass % ) : 45 ( mass % ) : 13 ( mass % ) . 

( 2 ) Mixing Step 
[ 0115 ] The catalyst composite , the ionomer dispersion and 
a dispersion medium were mixed so that the ratio ( I / MO ) of 
the mass ( I ) of the ionomer A to the mass ( MO ) of the 
titanium oxide support was 0 . 16 and the content of a solid 
comprising the catalyst composite and the ionomer was 24 
mass % . The composition of the dispersion medium used in 
the mixing step is the same as the composition of the 
dispersion medium of the ionomer dispersion . 

( 3 ) Dispersing Step 
[ 0116 ] The mixture obtained by the mixing step was 
dispersed at a rotational frequency of 20 , 000 rpm for 15 
minutes by use of a high - shear mixer ( product name : 
ULTRA - TURRAX T8 , manufactured by : IKA ) , thereby 
preparing a catalyst ink . 
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[ 0117 ] Of the components of the high - shear mixer , those 
that were in contact with the mixture in the dispersion are the 
rotor blade and stator inner wall of the high - shear mixer . 
These components were made of SUS304 ( Vickers hard 
ness : 2 . 0 GPa ) . 

[ 0129 ] A catalyst was prepared as a cathode catalyst layer , 
the catalyst comprising an acetylene black ( AB ) support and 
a platinum - cobalt alloy supported thereon ( PtCo / AB , plati 
num supporting rate : 50 mass % , average particle diameter : 
4 nm , Pt : Co = 7 : 1 , catalyst basis weight : 0 . 4 mg / cm² ) 
[ 0130 ] The anode catalyst layer was disposed on one side 
of an electrolyte membrane ( NafionTM membrane manufac 
tured by DuPont , thickness 10 um ) and the cathode catalyst 
layer was disposed on the other side of the electrolyte 
membrane . Then , they were attached by pressing them at 3 
MPa and 140° C . for 4 minutes , thereby producing a 
membrane electrode assembly ( Comparative Example 4 ) . 

Reference Example 1 

( 4 ) Production of Membrane Electrode Assembly 
[ 0118 ] The catalyst ink was applied on a polytetrafluoro 
ethylene ( PTFE ) sheet by a casting method so that the 
platinum amount was 0 . 05 mg per 1 cm² area of the catalyst 
layer . The applied catalyst ink was naturally dried . The 
PTFE sheet was cut into a 1 cm square piece and used as an 
anode catalyst layer . 
[ 0119 ] Meanwhile , a catalyst was prepared as a cathode 
catalyst layer , the catalyst comprising an acetylene black 
( AB ) support and a platinum - cobalt alloy supported thereon 
( PtCo / AB , platinum supporting rate : 50 mass % , average 
particle diameter : 4 nm , Pt : Co = 7 : 1 , catalyst basis weight : 
0 . 1 mg / cm² ) 
[ 0120 ] The anode catalyst layer was disposed on one side 
of an electrolyte membrane ( NafionTM membrane manufac 
tured by DuPont , thickness 50 um ) and the cathode catalyst 
layer was disposed on the other side of the electrolyte 
membrane . Then , they were attached by pressing them at 3 
MPa and 140° C . for 4 minutes , thereby producing a 
membrane electrode assembly ( Example 1 ) . 

( 1 ) Preparing Step 
[ 0131 ] Such a catalyst composite was prepared , that the 
mass support ratio of platinum supported on the surface of 
a carbon support ( Ketjen BlackTM manufactured by Ketjen 
Black International Company ) was 15 mass % . Also , an 
ionomer dispersion having dispersed therein 10 % ionomer 
A , was prepared . 
[ 0132 ] The ionomer A is the same polymer as the one used 
in Example 1 . 
[ 0133 ] The dispersion medium of the ionomer dispersion 
is a mixed solution of water and ethanol at a ratio of 50 
( mass % ) : 50 ( mass % ) . Examples 2 to 5 and Comparative Examples 1 to 3 

[ 0121 ] Membrane electrode assemblies of Examples 2 to 
5 and Comparative Examples 1 to 3 were produced in the 
same manner as Example 1 , except that the conditions of the 
anode catalyst layer , the cathode catalyst layer and the 
electrolyte membrane were changed as shown Table 1 . 

( 2 ) Mixing Step 

Comparative Example 4 

( 1 ) Preparing Step 
[ 0122 ] A catalyst composite and an ionomer dispersion 
having dispersed therein 10 % ionomer A , were prepared in 
the same manner as Example 1 . 
[ 0123 ] The ionomer A is the same polymer as the one used 
in Example 1 . 
[ 0124 ] The dispersion medium of the ionomer dispersion 
is a mixed solution of water and ethanol at a ratio of 50 
( mass % ) : 50 ( mass % ) 
[ 0125 ] After the preparing step , ( 2 ) the mixing step was 
carried out in the same manner as Example 1 . 

[ 0134 ] The catalyst composite , the ionomer dispersion and 
a dispersion medium were mixed so that the ratio ( I / MO ) of 
the mass ( I ) of the ionomer A to the mass ( MO ) of the 
titanium oxide support was 1 . 2 and the content of the solid 
comprising the catalyst composite and the ionomer A was 3 
mass % . The composition of the dispersion medium used in 
the mixing step is the same as the composition of the 
dispersion medium of the above - described ionomer disper 
sion . 
[ 0135 ] After the mixing step , the dispersing step was 
carried out in the same manner as Example 1 to form an 
anode catalyst layer . 
[ 0136 ] A catalyst was prepared as a cathode catalyst layer , 
the catalyst comprising an acetylene black ( AB ) support and 
a platinum - cobalt alloy supported thereon ( PtCo / AB , plati 
num supporting rate : 50 mass % , average particle diameter : 
4 nm , Pt : Co = 7 : 1 , catalyst basis weight : 0 . 4 mg / cm² ) . 
[ 0137 ] The anode catalyst layer was disposed on one side 
of an electrolyte membrane ( NafionTM membrane manufac 
tured by DuPont , thickness 10 um ) and the cathode catalyst 
layer was disposed on the other side of the electrolyte 
membrane . Then , they were attached by pressing them at 3 
MPa and 140° C . for 4 minutes , thereby producing a 
membrane electrode assembly ( Reference Example 1 ) . 
[ 0138 ] The following Table 1 shows the conditions of the 
anode catalyst layer , cathode catalyst layer and electrolyte 
membrane of the above - described membrane electrode 
assemblies . In Table 1 , “ TiOx ” means titanium oxide sup 
port ; “ C ” means carbon support ; “ DAA ” means diacetone 
alcohol ; “ HSM ” means high - shear mixer ; and “ BM ” means 
planetary ball mill . 

( 3 ) Dispersing Step 
[ 0126 ] The mixture obtained by the mixing step was 
dispersed at 300 rpm for 6 hours by use of a planetary ball 
mill ( product name : PM200 ; manufactured by : Retsch ) , 
thereby preparing a catalyst ink . 
10127 ] Of the components of the ball mill , those that were 
in contact with the mixture in the dispersion are balls and a 
mill pod . These components were made of zirconia ( Vickers 
hardness : 12 . 5 GPa ) . 

( 4 ) Production of Membrane Electrode Assembly 
[ 0128 ] Using the catalyst ink , an anode catalyst layer was 
formed in the same manner as Example 1 . 
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TABLE 1 
Anode catalyst layer 

Main 
component _ Dispersing condition 

Cathode 
_ catalyst layer Electrolyte 

of Solid 
content 

Composition of dispersion 
_ medium ( mass % 

Vickers hardness 
of dispersion Dispersing 

Catalyst membrane 
basis weight Thickness dispersion 

Support I / MO ( mass % ) medium H2O ETOH DAA method medium ( GPa ) ( mg / cm ) ( um ) 
45 TiOx 

TiOx 
TiOx 
TiOx 
TiOx 
TiOx 

0 . 16 
0 . 16 
0 . 12 
0 . 12 
0 . 14 
0 . 08 

DAA 
DAA 
DAA 
DAA 
DAA 
DAA 

$ $ $ $ $ € 

o vne 

HSM HSM 
HSM 
HSM 
HSM 
HSM 
HSM 

2 . 0 
2 . 0 
2 . 0 
2 . 0 

0 . 1 
0 . 4 
0 . 1 
0 . 4 
0 . 4 
0 . 1 

50 
10 
50 
10 898990 . encore une 

ou 
10 2 * * 3 oo 

Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Comparative 
Example 1 
Comparative 
Example 2 
Comparative 
Example 3 
Comparative 
Example 4 
Reference 
Example 1 

TiOx 0 . 32 DAA HSM 2 . 0 ö 

TiOx 0 . 16 DAA HSM HSM 2 . 0 i 

42 
42 
50 
50 

21 37 
13 45 
50 0 
500 

TiOx TiOx 0 . 16 0 . 16 24 EtOH BM 12 . 5 

1 . 2 EtOH EtOH HSM HSM 2 . 0 10 

o 

2 . Study on the Ratio I / MO ( Power Generation 
Test ) 

[ 0148 ] Cathode gas : Air at a relative humidity ( RH ) of 
30 % ( bubbler dew point 36° C . ) 

[ 0149 ] Cell temperature ( cooling water temperature ) : 
60° C . [ 0139 ] The membrane electrode assemblies of Examples 1 

and 3 and Comparative Examples 1 and 2 were subjected to 
a power generation test . The details of the test are as follows . 

[ 0140 ] Anode gas : Hydrogen gas at a relative humidity 
( RH ) of 90 % ( bubbler dew point 58° C . ) 

[ 0141 ] Cathode gas : Air at a relative humidity ( RH ) of 
90 % ( bubbler dew point 58° C . ) 

[ 0142 ] Cell temperature ( cooling water temperature ) : 
60° C . 

[ 0143 ] FIG . 2 is a graph showing the results of the power 
generation test of the membrane electrode assemblies of 
Examples 1 and 3 and Comparative Examples 1 and 2 . The 
data of Example 1 is represented by black squares . The data 
of Example 3 is represented by white triangles . The data of 
Comparative Example 1 is represented by black circles . The 
data of Comparative Example 2 is represented by white 
diamonds . 
[ 0144 ] At a potential of 0 . 1 V , the current density is 0 . 4 
mA / cm² in Comparative Example 1 and 0 . 2 mA / cm2 in 
Comparative Example 2 . That is , Comparative Examples 1 
and 2 are both poor in power generation performance . 
Meanwhile , at a potential of 0 . 1 V , the current density is 
more than 0 . 5 mA / cm² in both Examples 1 and 2 . That is , 
Examples 1 and 2 are both excellent in IV characteristic . 
[ 0145 ] Therefore , compared to the case where the ratio 
I / MO is 0 . 08 ( Comparative Example 1 ) or 0 . 32 ( Compara 
tive Example 2 ) , excellent IV characteristic is obtained when 
the ratio I / MO is in a range of from 0 . 12 to 0 . 16 . 
10146 ] For comparison to the case of using the carbon 
support , the membrane electrode assemblies of Examples 2 , 
4 and 5 and Reference Example 1 were subjected to a power 
generation test . The details of the test are as follows . 

( 80 % RH ) 
[ 0150 ] Anode gas : Hydrogen gas at a relative humidity 

( RH ) of 80 % ( bubbler dew point 55° C . ) 
[ 0151 ] Cathode gas : Air at a relative humidity ( RH ) of 

80 % ( bubbler dew point 55° C . ) 
[ 0152 ] Cell temperature ( cooling water temperature ) : 
60° C . 

[ 0153 ] FIG . 3 is a graph showing the results of the power 
generation test of the membrane electrode assemblies of 
Examples 2 , 4 and 5 and Reference Example 1 , at a relative 
humidity of 30 % . 
[ 0154 ] When compared at the same potential , power gen 
eration performance increases in the order of Example 4 , 
Example 5 , Example 2 . When Reference Example 1 ( in 
which the carbon support was used ) is determined as the 
reference , it can be said that Example 2 provides IV char 
acteristic that is comparable to Reference Example 1 . 
0155 ) Therefore , it is clear that in a low humidity con 
dition , at least when the ratio I / MO is 0 . 16 , IV characteristic 
as excellent as the conventional membrane electrode assem 
bly using the carbon support , can be obtained . 
( 0156 ] As a result of comparing FIGS . 2 and 3 , it is clear 
that IV characteristic is better in Examples 2 , 4 and 5 than 
in Examples 1 and 3 . This is because the electrolyte mem 
brane is thinner and the cathode catalyst basis weight is 
larger in Examples 2 , 4 and 5 than in Examples 1 and 3 . 
[ 0157 ] FIG . 4 is a graph showing the results of the power 
generation test of the membrane electrode assemblies of 
Examples 2 , 4 and 5 and Reference Example 1 , at a relative 
humidity of 80 % . 
[ 0158 ] As is clear from a comparison between FIGS . 3 and 
4 , in a high humidity condition , there is almost no difference 
between the IV characteristic of Examples 2 and 5 ( in which 
the titanium oxide support was used ) and the IV character 
istic of Reference Example 1 ( in which the carbon support 

( 30 % RH ) 
[ 0147 ] Anode gas : Hydrogen gas at a relative humidity 

( RH ) of 30 % ( bubbler dew point 36° C . ) 
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catalyst ink has appropriate viscosity , and an even coating 
film is obtained when the catalyst ink is thinly applied on the 
substrate surface . 
10170 ] Therefore , it is considered as follows : to form an 
even and transferable anode catalyst layer , the solid content 
of the catalyst ink needs to be 24 mass % or more . 

was used ) . Meanwhile , it can be said that there is a small 
difference between the IV characteristic of Example 4 and 
the IV characteristic of Reference Example 1 . 
[ 0159 ] Therefore , it is clear that when the ratio I / MO of 
the membrane electrode assembly using the titanium oxide 
support is in a range of from 0 . 12 to 0 . 16 , by appropriately 
controlling the humidity condition , the membrane electrode 
assembly can provide IV characteristic that is comparable to 
the conventional membrane electrode assembly using the 
carbon support . 
[ 0160 ] The membrane electrode assemblies of Example 2 
and Reference Example 1 were subjected to a durability test 
in the following condition . First , a potential of 2 . 05 V was 
applied to each membrane electrode assembly for one sec 
ond . Then , a potential of 0 . 1 V was applied thereto for one 
second . These processes was determined as one cycle , and 
1 , 200 cycles were repeated on each membrane electrode 
assembly . Then , a power generation test was carried out in 
the following condition to obtain an IV curve . 

[ 0161 ] Anode gas : Hydrogen gas at a relative humidity 
( RH ) of 90 % ( bubbler dew point 58° C . ) 

f0162 ] Cathode gas : Air at a relative humidity ( RH ) of 
90 % ( bubbler dew point 58° C . ) 

[ 0163 ] Cell temperature ( cooling water temperature ) : 
60° C . 

[ 0164 ] FIG . 5 is a bar chart comparing a current value at 
0 . 1 V on the IV curve of Example 2 and a current value at 
0 . 1 V on the IV curve of Reference Example 1 . While the 
current value is 1 . 3 A / cm² in Reference Example 1 , the 
current value is 2 . 0 A / cm² and high in Example 2 . 
10165 ] As a result of considering the results shown in FIG . 
5 and the results shown in FIGS . 3 and 4 , it is clear that the 
membrane electrode assembly of Example 2 using the 
titanium oxide support , has higher durability than the mem 
brane electrode assembly of Reference Example 1 using the 
carbon support , while it has the same level of power 
generation performance as Reference Example 1 . 

4 . Study on the Dispersion Medium and Dispersing 
Method of the Catalyst Ink ( Power Generation 

Test ) 

[ 0171 ] The membrane electrode assemblies of Example 2 
and Comparative Example 4 were subjected to a power 
generation test . The details of the test are as follows . 

[ 0172 ] Anode gas : Hydrogen gas at a relative humidity 
( RH ) of 90 % ( bubbler dew point 77° C . ) 

101731 Cathode gas : Air at a relative humidity ( RH ) of 
90 % ( bubbler dew point 77° C . ) 

[ 0174 ] Cell temperature ( cooling water temperature ) : 
80° C . 

[ 0175 ] FIG . 7 is a graph showing the IV curve of the 
membrane electrode assembly of Example 2 along with the 
IV curve of the membrane electrode assembly of Compara 
tive Example 4 . At a potential of 0 . 2 V , the current density 
is 1 mA / cm² in Comparative Example 4 , and Comparative 
Example 4 is poor in power generation performance . Mean 
while , at a potential of 0 . 2 V , the current density is more than 
4 mA / cm2 in Example 2 , and Example 2 is excellent in 
power generation performance . 
[ 0176 ] FIG . 8 is a graph showing a change in cell resis 
tance of the membrane electrode assembly of Example 2 
along with a change in cell resistance of the membrane 
electrode assembly of Comparative Example 4 . According 
to FIG . 8 , while the cell resistance of Example 2 is 50 
m2 / cm² , the cell resistance of Comparative Example 4 is 
more than 500 m2 / cm² . 
[ 0177 ] Therefore , it is clear that in the case where the 
aqueous solution containing diacetone alcohol as the main 
component , is used as the dispersion medium of the catalyst 
ink , and the catalyst ink is dispersed by the high - shear mixer 
( Example 2 ) , the thus - obtained membrane electrode assem 
bly is better in power generation performance and smaller in 
cell resistance than the case where the ethanol aqueous 
solution is used as the dispersion medium of the catalyst ink , 
and the catalyst ink is dispersed by the planetary ball mill 
( Comparative Example 4 ) . 
( 0178 ] From the above , it is clear that in the case where ( 1 ) 
the ratio ( I / MO ) is in a range of from 0 . 12 to 0 . 16 , ( 2 ) the 
solid content is 24 mass % or more , ( 3 ) the materials for the 
catalyst layer are mixed in the mixing step by the use of the 
dispersion medium where the content ratio of the diacetone 
alcohol is the highest , and ( 4 ) the solid having a Vickers 
hardness lower than titania is used as the medium in the 
dispersing step ( Examples 1 to 5 ) , such a fuel cell catalyst 
layer that can prevent an increase in cell resistance , has 
excellent in IV characteristic and is even , can be produced 
compared to the case where a part of the mixing and 
dispersing conditions differ ( Comparative Examples 1 to 4 ) . 
The reason why an increase in cell resistance is prevented , 
is considered that the dispersion medium composition and 
the dispersing condition are those that can avoid physical 
damage to and chemical deterioration of the titanium oxide 
support . The reason for the excellent IV characteristic is 
considered that the range of the ratio ( I / MO ) is optimal for 

3 . Study on the Solid Content ( Evaluation of the 
Ability to Form the Anode Catalyst Layer ) 

[ 0166 ] The ability to form the anode catalyst layer was 
evaluated by comparing the examples using the catalyst inks 
that are different in solid content . 
[ 0167 ] FIG . 6 is a photograph of the anode catalyst layer 
formed with the catalyst ink used in Example 2 and the 
anode catalyst layer formed with the catalyst ink used in 
Comparative Example 3 . 
[ 0168 ] As is clear from FIG . 6 , in the case where the solid 
content was 3 mass % ( Comparative Example 3 ) , an anode 
catalyst layer having convexes and concaves on the surface 
thereof , was obtained . The reason is considered as follows . 
For the catalyst ink used in Comparative Example 3 , the 
ratio I / MO is 0 . 16 and lower than the catalyst ink using the 
carbon support ( see Reference Example 1 ) . Therefore , when 
the solid content is as low as 3 mass % , the viscosity of the 
catalyst ink is insufficient . Due to the insufficient viscosity of 
the catalyst ink , a coating film formed by thinly applying the 
ink on a surface of a substrate , is uneven . As a result , an 
uneven anode catalyst layer is obtained . 
[ 0169 ] Meanwhile , in the case where the solid content is 
24 mass % ( Example 2 ) , an anode catalyst layer having a flat 
and smooth surface was obtained . The reason is considered 
as follows : since the solid content is sufficiently high , the 
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the titanium oxide support . The reason why the fuel cell 
catalyst layer is even , is considered that the solid content is 
optimal . 

REFERENCE SIGNS LIST 
10179 ] 1 . Polyelectrolyte membrane 
10180 ] 2 . Cathode catalyst layer 
[ 0181 ] 3 . Anode catalyst layer 
10182 ] 4 , 5 . Gas diffusion layer 
[ 0183 ] 6 . Cathode 
[ 0184 ] 7 . Anode 
[ 0185 ] 8 . Membrane electrode assembly 
[ 0186 ] 9 , 10 . Separator 
[ 0187 ] 11 . Oxidant gas channel 
[ 0188 ] 12 . Fuel gas channel 
[ 0189 ] 21 . Ionomer 
[ 0190 ] 22 . Catalyst composite that is relatively large in 

particle diameter 
[ 0191 ] 23 . Catalyst composite that is relatively small in 

particle diameter 
[ 0192 ] 100 . Fuel cell 

1 . A method for producing a fuel cell catalyst layer , the 
method comprising the steps of : 

preparing a catalyst composite that comprises a titanium 
oxide support and platinum or a platinum alloy sup 
ported on a surface thereof , the titanium oxide support 
comprising Ti . 0 , as a main component , and an iono 
mer that is a proton - conductive polymer , 

mixing the catalyst composite , the ionomer , and a disper 
sion medium containing at least water and a tertiary 
alcohol having from 4 to 6 carbon atoms where a 

content ratio of the tertiary alcohol is the highest , in 
such conditions that a ratio ( I / MO ) of a mass ( I ) of the 
ionomer to a mass ( MO ) of the titanium oxide support 
is in a range of from 0 . 12 to 0 . 16 , and a content of a 
solid comprising the catalyst composite and the iono 
mer is 24 mass % or more ; and , 

while pulverizing aggregates comprising the catalyst 
composite and the ionomer by use of at least one 
medium selected from the group consisting of a gas , a 
liquid , and a solid having a Vickers hardness lower than 
titania , dispersing a mixture obtained by the pulveri 
zation in the dispersion medium . 

2 . The method for producing the fuel cell catalyst layer 
according to claim 1 , the method comprising the step of 
forming a catalyst layer on a surface of an electrolyte 
membrane by at least one method selected from the group 
consisting of a casting method , a screen printing method , a 
doctor blade method , a gravure printing method and a die 
coating method . 

3 . The method for producing the fuel cell catalyst layer 
according to claim 1 , wherein the ratio ( I / MO ) is from 0 . 14 
to 0 . 16 . 

4 . The method for producing the fuel cell catalyst layer 
according to claim 1 , wherein the tertiary alcohol is diac 
etone alcohol or t - butyl alcohol . 

5 . The method for producing the fuel cell catalyst layer 
according to claim 1 , wherein a high - shear mixer or a 
homogenizer is used in the dispersing step . 

6 . The method for producing the fuel cell catalyst layer 
according to claim 1 , wherein the fuel cell catalyst layer is 
a fuel cell catalyst layer for an anode . 

* * * * * 


